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Abstract

Purpose: The intra-operative use of tourniquets during Total Knee Arthroplasty (TKA) is common practice. The
advantages of tourniquet use include decreased operating time and the creation of a bloodless visualisation field.
However, tourniquet use has recently been linked with increased post-operative pain, reduced range of motion, and
slower functional recovery. Importantly, there is limited evidence of the effect of tourniquet use on infection risk. The
purpose of this systematic review and meta-analysis is to fill this gap in the literature by synthesising data pertaining
to the association between tourniquet use and infection risk in TKA.

Methods: A systematic literature search was performed on Pubmed, Embase, Cochrane and clinicaltrials.gov up to
May 2021. Randomized control trials were included, comparing TKA outcomes with and without tourniquet use. The
primary outcome was overall infection rate. Secondary outcomes included superficial and deep infection, skin necro-
sis, skin blistering, DVT rate, and transfusion rate.

Results: 14 RCTs with 1329 patients were included. The pooled incidence of infection in the tourniquet group (4.0%,
95% Cl=2.7-5.4) was significantly higher compared to the non-tourniquet group (2.0%, 95% Cl=1.1-3.1) with an OR
of 1.9 (95% CI=1.1-3.76, p = 0.03). The length of hospital stay, haemoglobin drop (0.33 95% CI =0.12-0.54), P =0.002)
and transfusion rates (OR of 2.7, 95%Cl=1.4-53, P =< 0.01) were higher in the tourniquet group than the non-
tourniquet group. The difference in the length of inhospital stay was 0.24 days favouring the non-tourniguet group
(95% C1=0.10-0.38, P =< 0.01). The incidence of skin blistering (OR 2.6, 95% CI=0.7-9.9, p =0.17), skin necrosis (OR
3.0,95% Cl=0.50-19.3, p =0.25), and DVT rates (OR 1.5, 95% Cl=0.60-3.60, p = 0.36) did not differ between the two
groups.

Conclusion: Quantitative synthesis of the data suggested tourniquet use was associated with an increased overall
risk of infection, intraoperative blood loss, need for blood transfusion and longer hospital stay. Findings of this meta-
analysis do not support the routine use of tourniquet in TKA and arthroplasty surgeons should consider any potential
additional risks associated with its use.

Level of evidence: meta-analysis, Level l.
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Introduction

Although the use of tourniquets in battlefields dates back
to The Middle Ages, the use of a pneumatic tourniquet in
the operating room is credited to the famous neurosur-
! Department of Trauma and Orthopaedic Surgery, University College geon Harvey Cushing in 1904. Since then, surgeons have
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bloodless visualization field [1]. Nowadays, tourniquet
use is common practice in orthopaedics during extrem-
ity surgery [2—11]. In particular, the tourniquet has been
extensively used during total knee arthroplasty (TKA),
with over 90% of surgeons in the UK and USA routinely
employing it for TKAs [1]. Given more than 111,000
TKAs were performed in 2019 across the UK alone,
determining whether this is the optimal method is of par-
amount importance to ensure that the best available care
is provided to patients undergoing TKA [12, 13].

The advantages of tourniquet use include reduced
operative time and decreased intraoperative blood loss,
which facilitates enhanced visualization of the operative
field and theoretically allows for a more robust bone-
cement integration [1, 14—17]. More recently, tourniquet
use has also been linked with better antibiotic delivery
through the intraosseous regional administration [18].
Despite its proposed benefits, however, tourniquet use
in TKA has become debatable [14]. Given the signifi-
cant advancements in surgical techniques, implants, and
anaesthesia over the last century, TKAs may successfully
be performed without the use of the tourniquet [19]. Fur-
thermore, concerns have been raised in relation to its
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association with increased intraoperative and post-oper-
ative pain, reduced range of motion, reperfusion injury,
slower functional recovery, increased risk of wound and
skin complications and deep venous thrombosis [14, 16,
20-24]. Notwithstanding, existing evidence of the effect
of tourniquet use on infection risk is limited, as there is
no study to date that has investigated infection risk as a
primary outcome. There is a paucity in the literature and
benefits of tourniquet use should be balanced against its
potential risks to reach an informed and evidence-based
decision. This systematic review and meta-analysis aims
to evaluate the risk of infection and other complications
in TKA with and without tourniquet use.

Materials and methods

Eligibility criteria

The study was conducted using the Preferred Report-

ing items for Systematic Reviews and Meta-analysis

(PRISMA) Fig. 1. The study protocol was published online

at the PROSPERO international prospective register of

systematic reviews and meta-analysis CR42020187902.
Eligible study designs were randomised controlled tri-

als owing to their higher methodological rigour. We
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included studies encompassing patients undergoing total
knee arthroplasty with or without a tourniquet and our
primary outcome was rate of infection. Inconsistencies
and disagreements between the two independent review-
ers were resolved by reaching a consensus decision. The
inclusion and exclusion criteria are detailed in Table 1.

Search strategy

A systematic literature search was performed on Pub-
med, Embase, Cochrane and clinicaltrials.gov for trials
published from inception to May 2021. We combined
Medical Subject Headings (MeSH) with free text search-
ing. The search terms used were “tourniquet, total knee
replacement, total knee arthroplasty, infection”

Methodological study assessment and assessment

of publication bias

The Cochrane Collaboration’s ‘Risk of bias’ tool was
utilised to evaluate risk of bias in RCTs. The domains
evaluated by the tool are: random sequence generation
and allocation concealment (selection bias), incomplete
outcome data (attrition bias), blinding (performance

Table 1 Eligibility criteria

Inclusion Criteria Exclusion Criteria

« Randomized Controlled Trials
- Studies that clearly reported
infection

« Case reports

« Review articles

« Articles that do not report infection
- Level lll - level V studies
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and detection bias), selective reporting (reporting bias)
and other sources of bias. The quality of studies was
assessed by two individual investigators. Publication
bias was assessed by funnel plots looking at the effect
estimate of the intervention against each study’s sample
size (Fig. 2).

Outcomes

Our primary outcome was infection rate in patients
undergoing TKA with or without a tourniquet. Second-
ary outcomes included the following: 1) superficial infec-
tion, 2) deep infection, 3) skin necrosis, 4) skin blisters, 5)
Deep venous thrombosis (DVT) rate, 6) transfusion rate,
7) postoperative Hb drop, and 7) length of hospital stay.

Data extraction and collection

Eligible studies were independently screened by two
reviewers and data was collected based on a pre-piloted
standardised extraction sheet. Data collected included
patients’ characteristics and demographics (age, weight
or BMI, gender), number of infections (total of superfi-
cial and deep), the incidence of skin necrosis and blis-
tering (these variables were treated as independent),
deep venous thrombosis (DVT), volume of blood loss,
drop in post-operative Hb and transfusion rate. For
continuous variables the mean and SD (or Standard
error) were recorded and when these were absent the
range, median and p values were recorded.

SE{log[OR])
0T *
/,:\\
/l ! \\
r | \
7’ 1 .
’ | \
i R
L
0.5+ / i *
/ \
// o : \\
I‘ : ‘\
I’ O : \\
1’ ! \\
/ 1 N
7 1 Ay
/ | \
1 T /I ! \\
. i N
’ | o) N
// b \\
S 1 "
/, : \\
s I Ay
/ | \
151 /! i e} e} 5
/ 1 Y
/' : O O \\
/. O: N
/I I \\
/ I \
s I \
/ 1 A
/ i oR
2 t t {
0.01 0.1 10 100
Fig. 2 Funnel plots depicting the heterogeneity amongst studies in reporting the rate of total infection rates amongst the studies
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Statistical analysis
We utilised pooled odds ratios (ORs) and 95% confidence
intervals (ClIs) for.

all dichotomous outcomes using the Mantel-Haenszel
method. For continuous outcomes we used the inverse
variance method to calculate the mean difference and
95% CI.

We also assessed the heterogeneity among studies with
the Chi-square test using.

Cochran’s Q statistic. We also employed the I measure
to evaluate the extent; we considered heterogeneity as
low if I* =25-49%, moderate if I=50-74% and high if I*.

>75%). If low heterogeneity was noted, we used the
fixed-effects models to analyse our data. We used the
Review Manager software version 5.4.1 for performing all
the analyses.

Results

Studies identified

14 RCTs met the inclusion criteria and documented rate
of infections (Fig. 1)

Following confirmation from the authors, two RCTs
were excluded from this meta-analysis as the same cohort
of patients was analysed [25, 26]. Methodological assess-
ment of the studies is depicted in Fig. 3.

Patients

A total of 1457 patients (1509 knees - some studies
included patients undergoing bilateral total knee arthro-
plasty) were included in this analysis. The age, BMI and
gender distribution were comparable between groups
(Table 2).

Infection

There were 31 (4%) reported cases of infection (superfi-
cial and deep) in the tourniquet group, compared to 14
(2%)in the non-tourniquet group (Table 3, Fig. 4). This
gave an overall pooled proportion of infection in both
groups of 4.0% (95 CI=2.7-5.4) and 2.0% (95 CI=1.1-
3.1) respectively (Table 4). Quantitative synthesis showed
the difference to be significant OR 1.9 (95%CI 1.1-3.6),
p 0.03, Table 4. In studies separately reporting superfi-
cial and deep infections, (10 studies), subgroup analyses
revealed both were higher in the tourniquet group but
this did not reach statistical significance (Table 4).

Other outcomes

The rate of transfusion (Table 4), and HB drop was also
significantly higher in the tourniquet group, Fig. 5. The
difference in the length of in-hospital stay was 0.24 days
shorter in the non-tourniquet group (95% CI, 0.10-0.38),
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Fig. 3 Methodological assessment of the included RCTs

Fig. 6. The proportion of skin necrosis, blistering and
DVT were higher in the tourniquet group, however this
was not statistically significant (Table 4, Figs. 7 and 8).

Discussion

The main finding in this study was that a pooled analy-
sis of 14 RCTs, demonstrated that tourniquet use was
associated with increased risk of post-operative infec-
tion, increased blood loss, higher transfusion rates and
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Table 2 Comparison of baseline characteristics for the two groups
Tourniquet group No tourniquet group Weighted Mean p
difference (95%Cl)
Total number of patients 782 727
Pooled age mean (SD) 67.2 (84) 67.8(8.2) —0.60 (—1.44-0.25) 0.17
Pooled BMI (SD) 280 (4.4) 284 (4.6) 0.32 (—0.84-0.20) 0.22
Gender Male n(%) 274 (38.5%) 261 (43.7%) 0.06%
Female n(%) 438 (61.5%) 336 (56.3%)

*Fisher's exact test

longer hospital stay. Amid a lack of high-quality evidence,
orthopaedic surgeons are often confronted with clinical
uncertainty with respect to using a tourniquet in TKA.
Our systematic review and meta-analysis combined data
across studies to compare clinical outcomes with or with-
out tourniquet use. There was minimal inter- and intra-
study variation regarding the incidence of infection, with
heterogeneity of 0% between the included studies. Addi-
tionally, a higher incidence of skin necrosis, blistering
and DVT were evident in the tourniquet group, however
these differences did not reach statistical significance.

The use of the tourniquet has been considered standard
of care in TKA [2, 3, 24, 40-42]. However, a growing body
of evidence has brought its routine use into question
[14, 19, 43]. Tourniquet use results in lengthy periods of
compression and circulatory stasis, which could concep-
tually lead to wound complications including infection
[15]. This meta-analysis synthesising data from 14 RCTs
revealed a significant increase (OR, 1.9, 95 CI=1.1-3.6)
in the incidence of post-operative infection when a tour-
niquet was used intra-operatively, however subgroup
analysis of superficial and deep infections showed com-
parable results. In concordance, a recent Cochrane sys-
tematic review found tourniquet use to be associated
with significantly higher risk of developing wound infec-
tion (RR 2.72, 95% CI 1.15 to 6.42); however this study
did not employ separate subgroup analyses of superficial
and deep infections [14]. Moreover, an increased inci-
dence of serious adverse events with tourniquet use has
also been suggested by other studies in total knee arthro-
plasty and lower limb trauma surgery [44, 45].

Tetro et al. reported four superficial wound infections
in a group of 33 patients whose TKA was performed
using a tourniquet, compared to one superficial infec-
tion seen in the non-tourniquet group (N=30) [38].
In another prospective, randomised controlled trial,
two out of 38 patients in the tourniquet group devel-
oped an infection post-TKA; one superficial and one
deep while no infection occurred in the non-tourniquet
group [35]. Liu et al. performed bilateral primary TKAs
on 52 patients, using the tourniquet on just one knee
[37]. The study found that TKA with tourniquet use

was associated with increased risk of skin necrosis and
deep wound infection.

Individually, the sample sizes in these studies were
too small to detect a statistically significant difference
in rare complications, such as infection. In our study,
the overall incidence of infection demonstrated a sta-
tistical significant difference between the groups; and
comparable results within subgroup analysis of super-
ficial and deep infections. A possible explanation could
encompass the exsanguination of the limb itself dur-
ing tourniquet inflation, rendering the wound edges
hypoxic during the early post-operative period. As a
consequence, the cellular response to wound healing
is inhibited, potentially contributing to the increased
number of post-operative wound complications seen
with tourniquet use [46, 47]. Clarke et al. demonstrated
a relationship between higher tourniquet inflation
pressures and post-operative wound hypoxia [39]. The
study reported one infection in the tourniquet group as
opposed to none in the non-tourniquet group, suggest-
ing tourniquet associated hypoxia may influence wound
healing. However, the three arms of this study (tourni-
quet use at low pressure, high pressure and no tourni-
quet use) may have introduced confounders and bias,
making the findings more difficult to interpret.

The study by Abdel-Salam et al. reported one episode
of skin necrosis and four episodes of superficial wound
infections in a cohort of 40 patients undergoing TKA
with a tourniquet, while no wound complications were
noted in the non-tourniquet group [20]. Notably, this
study reports the highest percentage of infections within
the tourniquet group, 12.5%, and is the oldest study
included in the meta-analysis. However, the funnel plot
looking at the heterogeneity of the studies reporting on
the total rate of infections (Fig. 2) did not identify this
study as an outlier; hence it was included in out quantita-
tive synthesis as it fulfilled our inclusion criteria.

The presence of persistent wound oozing post-oper-
atively has been shown to increase the risk of infec-
tion [48, 49]. Liu et al. reported increased incidence of
oozing with the use of a tourniquet in a cohort of 56
patients undergoing bilateral TKA [37]. Despite the
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Tourniquet No Tourniquet Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Abdel-salam 1995 5 40 0 40 2.7% 12.55[0.67,235.00) >
Alexandersson 2019 2 38 0 43 2.8% 5.96([0.28,128.12) >
Chaudhry 2021 6 117 8 123 47.0% 0.78[0.26, 2.31) ——
Clarke 2001 1 20 0 11 3.8% 1.77[0.07,47.14)
Ejaz 2014 0 33 0 31 Mot estimable
Goel 2018 2 100 1 100 6.2% 2.02[0.18, 22.65]
Huang 2017 4 100 0 50 4.0% 4.71[0.25,89.22)
Jawhar 2020 1 50 1 49 6.3% 0.98 [0.06, 16.11]
Liu 2017 1 52 0 52 31% 3.06[0.12,76.82)
Tetro 2001 4 33 1 30 5.8% 4.00[0.42, 37.99]
Vandenbussche 2002 0 40 0 40 Not estimable
Wakankar 1999 0 37 0 40 Not estimable
Wu 2018 0 50 0 50 Not estimahle
Zhou 2017 5 72 3 68 18.2% 1.62[0.37, 7.04) -_—T
Total (95% CI) 782 727 100.0% 1.94 [1.06, 3.57] ’
Total events 31 14
Heterogeneity: Chi*=5.90, df=9 (P = 0.75); F= 0% =I1El1 0?1 150 1005
Testfor overall effect: Z=2.14 (P = 0.03) Favours Tourniquet Favours No Tourniquet
Fig. 4 Comparison of the total infection rate (superficial and deep) between groups

Table 4 Meta-analysis comparing the outcomes between the two groups

Outcome Number of studies Pooled proportion Pooled proportion Meta-analysis P Heterogeneity I (p)
with data T (95%Cl) NT (95%Cl) OR (95%Cl)
Total infection 14 4.0% (2.7-54) 2.0(1.1-3.1) 19(1.1-3.6) 0.03 0% (0.75)
Superficial infection 10 3.7 (2.2-5.5) 1.8 (0.8-3.1) 2.0[0.9-4.1) 0.08 3% (0.40)
Deep infection 10 0.7 (0.2-1.6) 0(0-13) 3.3[03-325) 0.31 0% (0.96)
Skin necrosis 4 2.3(0.6-5.0) 0(0-2.2) 3.0(0.5-19.3) 0.25 0% (1.00)
Skin blisters 6 49 (2.8-7.5) 1.9 (0.6-3.8) 2.6(0.7-9.9) 0.17 0% (0.91)
DVT 1M 2.2(1.2-3.6) 1.5(0.7-2.7) 1.5 (0.6-3.6) 0.36 0% (0.71)
Transfusion 7 9.5(6.8-12.7) 39(2.1-64) 2.7 (14-53) <0.01 0% (P=0.76)

Cl Confidence interval, OR Odd ratio, T Tourniquet group, NT No tourniquet group

Tourniquet No Tourniquet Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Alexandersson 2019 309 214 38 335 2047 43 19.6% -1.23[-1.71,-0.79) ==
Huang 2017 3.005 1.0332 100 21 044 50 34.7% 1.02 [0.66,1.38] —
Tetro 2001 41 3818 33 38 4.004 30 17.0% 0.76 [0.25,1.27] e
Wu 2018 3.46 0.6 50 3.27 067 50 28.8% 0.30 [-0.10, 0.69] T
Total (95% CI) 221 173 100.0% 0.33[0.12, 0.54] -
Heterogeneity: Chi*= 57.96, df= 3 (P < 0.00001); F=95% ?_2 51 ) 1’ 25
Testfor overall effect Z= 3.03 (P = 0.002) Favours Tourniquet Favours No Tourniquet
Fig. 5 Post op HB drop between the two groups

small sample size, these findings provide further insight
into the impact of tourniquet use on wound healing
post-TKA.

Five out of the fourteen papers included reported on
the incidence of skin blistering post-operatively [34,
36-38, 50]. Pooled analysis identified no significant
difference in the incidence of skin blisters when the
patient was operated with the use of a tourniquet.

Eleven RCTs in our meta-analysis reported on the inci-
dence of DVT with or without a tourniquet [20, 28-32,
34, 36-38, 50]. Ten studies reported regimes for DVT
prevention, including chemical and mechanical throm-
boprophylaxis [20, 28-31, 34, 36-38, 50]; Furthermore,
three studies reported a venous doppler ultrasound and/
or Duplex ultrasonography to screen for asymptomatic
DVTs [29, 36, 50]. A higher incidence of DVTs in the
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Tourniquet No Tourniquet Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Abdel-salam 1995 12 275 40 12 275 40 1.4% 0.00[1.21,1.21]
Chaudhry 2021 6.16 238 117 618 234 123 5.6% -0.02[-0.62, 058) —_—
Huang 2017 536 06681 100 512 04 50 67.8% 0.24[0.07,0.41] [
Jawhar 2020 1 3 50 10 4 49 1.0% 1.00[-0.39, 2.39] 7
Tetro 2001 8.5 43 33 689 22 30 07% 1.60[-0.06, 3.26] A
Vandenbussche 2002 11.2 2 40 118 175 40 29% -0.60[1.42022) -
Wu 2018 536 1.0 50 518 085 50 149% 0.18[0.19, 055 =
Zhou 2017 71 1.9 72 63 1.7 68 5.6% 0.80[0.20,1.40) —
Total (95% CI) 502 450 100.0% 0.24[0.10, 0.38] L
Heterogeneity: Chi*=12.07, df=7 (P=0.10); = 42% 5_4 32 5 % 4:
Testfor overall effect Z= 3.29 (P = 0.0010) Favours Tourniquet Favours No Tourniquet
Fig. 6 Length of hospital stay in days
Tourniquet No Tourniquet Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Abdel-salam 1995 1 40 0 40 328% 3.08[0.12,77.80) bl
Liu 2017 d 52 0 52 331% 3.06[0.12,76.82) =
Tetro 2001 1 33 0 30 341% 2.82[0.11,71.78] =
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Fig. 7 Comparison of skin necrosis between the 2 groups
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Fig. 8 Comparing the proportion of skin blistering
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tourniquet group was reported in five RCTs [20, 28, 31,
32, 50]. This is also supported by a recent Cochrane sys-
tematic review [15] and a separate meta-analysis [51],
both reporting a significant increase in the incidence of
DVTs in patients undergoing TKA with a tourniquet. In
discordance, Vandenbussche et al. reported two episodes
of DVT in the non-tourniquet group compared to one
patient in the tourniquet group [30]. Similarly, Goel et al.
reported one post-operative DVT in the non-tourniquet
group [34].

Functional outcomes were reported in eight studies
[20, 27, 28, 31, 32, 34, 36, 37]. Several different scoring

systems were used; three studies used the Hospital for
Special Surgery (HSS) system [20, 28, 36], two studies
used the Knee Injury and Osteoarthritis Outcome Score
(KOOS) [31, 34], one study used the Knee Society Score
(KSS) [37], and Jawhar et al. and Chaudhry et al. used the
Oxford Knee Score (OKS) to measure functional out-
comes [27, 32]. Despite the different scoring systems,
similar scales are used for each system, with a higher
score indicating a better functional outcome. Overall,
no significant difference in functional outcomes was
reported in seven of the studies [20, 27, 28, 32, 34, 36, 37],
which is in concordance with the literature [15].
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Nine studies in this meta-analysis looked at the effect
of tourniquet use on the post-operative range of move-
ment (ROM) [20, 27-29, 31, 34, 36, 37, 50], out of which
six reported a significant difference in ROM favouring
surgery without a tourniquet [20, 28, 29, 31, 36, 50]. Con-
versely, Liu et al. and Chaudhry et al. documented no
difference between cohorts [27, 37]. Of note, the popu-
lation included in the studies performed by Liu et al.
and Chaudhry et al. had pre-existing osteoarthritis [27,
37]. Overall, results demonstrate a trend towards faster
recovery in relation to ROM postoperatively without the
use of tourniquet, which may improve patient satisfac-
tion [36].

Twelve studies [20, 27-32, 34—37, 50] reported pain-
related outcomes; seven of which found significantly
reduced pain in patients undergoing surgery without
a tourniquet [20, 28-31, 36, 37]. In detail, in six of the
above studies differences in pain severity were noted
early in the first 24 hours following surgery [20, 28-30,
36, 37]. The explanation for increased pain post-oper-
atively with tourniquet use may be that the increased
mechanical compression disrupted blood circulation and
led to more muscle ischaemia [33, 52—-54].

The reduction in blood loss and optimisation of the
operative field have historically been the main reasons
for using a tourniquet in TKA [19]. Vandenbussche et al.,
Goel et al. and Chaudhry et al. reported significantly
increased blood loss in patients operated without a tour-
niquet [27, 30, 34]. However, six studies in this meta-
analysis reported no significant differences [20, 28, 29,
31, 36, 38]. One explanation for these conflicting results
is that the reduction of intra-operative blood loss with
the use of a tourniquet could have been offset by blood
loss secondary to tourniquet induced ischemia [38, 55].
Findings of a RCT reported that patients in the non-
tourniquet group had increased intraoperative blood
loss (215.74+113.7ml vs 138.6£93.9ml, p<0.001), not-
withstanding post-operative blood loss and drain output
were reduced [28]. Wu et al. also reported no statistically
significant difference in total blood loss with or without
a tourniquet (1039.86+251. 98 ml vs 1103.95+201.93,
p=0.614) [29]. Our meta-analysis showed a significant
reduction in post-op Hb, suggesting the use of a tourni-
quet may not in fact confer the expected benefits.

Our meta-analysis has several limitations. Firstly,
included RCTs reported infection as a secondary out-
come. There is a risk that follow-up was insufficient for
the manifestation of infections, potentially resulting in
delayed deep infections not being captured. Discrepan-
cies between each paper in the inclusion criteria may also
have introduced bias. Selection bias could also be present
as some papers solely included patients with osteoarthri-
tis [27, 29, 35-37, 39], whereas others encompassed both
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osteoarthritis and rheumatoid arthritis patients [20, 38].
Finally, a few studies had several domains characterised
as unclear or high risk utilising the Cochrane Collabora-
tion’s Risk of bias tool; hence reflecting potential bias that
may have been introduced.

Conclusion

This meta-analysis of RCTs suggested that tourniquet
use in TKA was associated with an increased overall risk
of infection, intraoperative blood loss, need for blood
transfusion and longer hospital stay. Subgroup analy-
ses encompassing superficial and deep infections as an
outcome revealed a non-statistically significant trend
favouring non tourniquet use. Results of our meta-anal-
ysis do not justify the routine use of tourniquet in TKA
and arthroplasty surgeons should be considerate of the
potential additional risks involved.

Informed consent
Not applicable.

Authors’ contributions

AA Magan: manuscript preparation. O Dunseath: manuscript preparation. o P
Armonis: manuscript preparation. A Fontalis: manuscript preparation. B Kayani:
manuscript preparation. FS Haddad: manuscript preparation. The author(s)
read and approved the final manuscript.

Funding
None.

Declarations

Ethics approval and consent to participate
Not applicable.

Competing interests
None.

Author details

!'Department of Trauma and Orthopaedic Surgery, University College Hospital,
235 Euston Road, Fitzrovia, London NW1 2BU, UK. 2Department of Orthopae-
dic Surgery, The Princess Grace Hospital, 42-52 Nottingham PI, Marylebone,
London W1U 5NY, UK. 3Umiversity College London, Gower St, London WC1E
6BT, UK. “Institute of Sports, Health and Exercise, University College Hospital,
235 Euston Road, Fitzrovia, London NW1 2BU, UK.

Received: 29 December 2021 Accepted: 12 May 2022
Published online: 01 July 2022

References

1. Zhang W, Li N, Chen S, Tan Y, Al-Aidaros M, Chen L (2014) The effects of a
tourniquet used in total knee arthroplasty: a meta-analysis. J Orthop Surg
Res 9(1):13

2. Bradley KE, Ryan SP, Penrose CT, Grant SA, Wellman SS, Attarian DE et al
(2019) Tranexamic acid or epsilon-aminocaproic acid in total joint arthro-
plasty? A randomized controlled trial. Bone Joint J 101-B(9):1093-1099

3. Elkassabany NM, Cai LF, Badiola I, Kase B, Liu J, Hughes C et al (2019) A
prospective randomized open-label study of single injection versus con-
tinuous adductor canal block for postoperative analgesia after total knee
arthroplasty. Bone Joint J 101-B(3):340-347



Magan et al. Journal of Experimental Orthopaedics

20.

21

22.

23.

24.

25.

(2022) 9:62

Greco NJ, Manocchio AG, Lombardi A, v., Gao SL, Adams J, Berend KR.
(2019) Should postoperative haemoglobin and potassium levels be
checked routinely following blood-conserving primary total joint arthro-
plasty? Bone Joint J 101-B(1_Supple_A):25-31

Gromov K, Petersen PB, Jargensen CC, Troelsen A, Kehlet H (2020) Uni-
compartmental knee arthroplasty undertaken using a fast-track protocol.
Bone Joint J 102-B(9):1167-1175

Hines JT, Hernandez NM, Amundson AW, Pagnano MW, Sierra RJ,

Abdel MP (2019) Intravenous tranexamic acid safely and effectively
reduces transfusion rates in revision total hip arthroplasty. Bone Joint J
101-B(6_Supple_B):104-109

James EW, Blevins JL, Gausden EB, Turcan S, Denova TA, Satalich JR et al
(2019) Increased utilization of constraint in total knee arthroplasty follow-
ing anterior cruciate ligament and multiligament knee reconstruction.
Bone Joint J 101-B(7_Supple_C):77-83

Jennings JM, Loyd BJ, Miner TM, Yang CC, Stevens-Lapsley J, Dennis DA
(2019) A prospective randomized trial examining the use of a closed
suction drain shows no influence on strength or function in primary total
knee arthroplasty. Bone Joint J 101-B(7_Supple_C):84-90

Noureddine H, Vejsbjerg K, Harrop JE, White MJ, Chakravarthy J, Harrison
JWK (2020) Fasciectomy under local anaesthetic and adrenaline for
Dupuytren’s contracture in a community setting in the UK with a cost
analysis. Bone Joint J 102-B:10

Teeter MG, Marsh JD, Howard JL, Yuan X, Vasarhelyi EM, McCalden RW

et al (2019) A randomized controlled trial investigating the value of
patient-specific instrumentation for total knee arthroplasty in the Cana-
dian healthcare system. Bone Joint J 101-B:(5):565-572

. Vermue H, Lambrechts J, Tampere T, Arnout N, Auvinet E, Victor J (2020)

How should we evaluate robotics in the operating theatre? Bone Joint J
102-B:4

Ben-Shlomo Y, Blom A, Boulton C, Brittain R, Clark E, Craig R et al (2020)
The National Joint Registry 17th annual report. National Joint Registry,
London

Scottish Arthoplasty Project Annual Report 2020. https://readymag.com/
PHIDigital/SAP-Annual-Report-2020/index/. Accessed 23 Jul 2021
Ahmed |, Chawla A, Underwood M et al (2021) Time to reconsider the
routine use of tourniquets in total knee arthroplasty surgery. Bone Joint J
103-B(5):830-839

Ahmed I, Chawla A, Underwood M et al (2020) Tourniquet use for knee
replacement surgery. Cochrane Database Syst Rev 12(12).CD012874

Lu C, Song M, Chen J, Li C, Lin W, Ye G et al (2020) Does tourniquet use
affect the periprosthetic bone cement penetration in total knee arthro-
plasty? A meta-analysis. J Orthop Surg Res 15(1):602

Sun C, Zhang X, Ma Q Tu'Y, Cai X, Zhou Y (2022) Impact of tourniquet
during total knee arthroplasty when tranexamic acid was used: a meta-
analysis of randomized controlled trials. J Orthop Surg Res 17(1):18
Young SW, Zhang M, Freeman JT, Mutu-Grigg J, Pavlou P, Moore GA
(2014) The mark Coventry award: higher tissue concentrations of vanco-
mycin with low-dose intraosseous regional versus systemic prophylaxis in
TKA. Clin Orthop 472(1):57-65

Magan AA, Haddad FS (2021) Tourniquet use in knee surgery: is it time to
move on? Bone Joint J 103(5):805-806

Abdel-salam Keith Eyres AS (1995) Effects of tourniquet during total
knee arthroplasty. A prospective randomised study. J Bone Joint Surg Br
77(2):250-253

Arthur JR, Spangehl MJ (2019) Tourniquet use in total knee arthroplasty. J
Knee Surg 32(8):719-729

LiuY, SiH, Zeng Y, Li M, Xie H, Shen B (2020) More pain and slower func-
tional recovery when a tourniquet is used during total knee arthroplasty.
Knee Surg Sports Traumatol Arthrosc 28(6):1842-1860

Xu H, Yang J, Xie J, Huang Z, Huang Q, Cao G et al (2020) Tourniquet use
in routine primary total knee arthroplasty is associated with a higher
transfusion rate and longer postoperative length of stay: a real-world
study. BMC Musculoskelet Disord 21(1):620

Zhao H-Y, Yeersheng R, Kang X-W, Xia Y-Y, Kang P-D, Wang W-J (2020) The
effect of tourniquet uses on total blood loss, early function, and pain after
primary total knee arthroplasty. Bone Joint Res 9(6):322-332

Jawhar A, Stetzelberger V, Kollowa K, Obertacke U (2019) Tourniquet
application does not affect the periprosthetic bone cement penetra-
tion in total knee arthroplasty. Knee Surg Sports Traumatol Arthrosc
27(7):2071-2081

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Page 10 of 11

Liu PL, Li DQ, Zhang YK, Lu QS, Ma L, Bao XZ (2017) Original article
influence of tourniquet on wound healing in total knee arthroplasty: a
randomized and paired clinical trial. Int J Clin Exp Med 10(2):3653-3660
Chaudhry EA, Aziz A, Faraz A, Igbal M, Tarar MY, Rizvi SHM et al (2021)
Application of tourniquet does not influence early clinical outcomes after
total knee arthroplasty. Cureus 13(1):e12435

Zhou K, Ling T, Wang H, Zhou Z, Shen B, Yang J et al (2017) Influence

of tourniquet use in primary total knee arthroplasty with drainage: a
prospective randomised controlled trial. J Orthop Surg Res 12(1):172
WuY, Lu X, MaY, Zeng Y, Xiong H, Bao X et al (2018) Efficacy and safety

of limb position on blood loss and range of motion after total knee
arthroplasty without tourniquet: a randomized clinical trial. Int J Surg
60:182-187

Vandenbussche E, Duranthon LD, Couturier M, Pidhorz L, Augereau B
(2002) The effect of tourniquet use in total knee arthroplasty. Int Orthop
26(5):306-309

Ejaz A, Laursen AC, Kappel A, Laursen MB, Jakobsen T, Rasmussen S et al
(2014) Faster recovery without the use of a tourniquet in total knee
arthroplasty. Acta Orthop 85(4):422-426

Jawhar A, Skeirek D, Stetzelberger V, Kollowa K, Obertacke U (2020)

No effect of tourniquet in primary total knee arthroplasty on muscle
strength, functional outcome, patient satisfaction and health sta-

tus: a randomized clinical trial. Knee Surg Sports Traumatol Arthrosc
28(4):1045-1054

Jawhar A, Skeirek D, Stetzelberger V, Obertacke U (2020) Influence of the
tourniquet on pain and function in Total knee arthroplasty: a systematic
review and Meta-analysis. Z Orthop Unfall 158(06):630-640

Goel R, Rondon AJ, Sydnor K, Blevins K, O'Malley M, Purtill JJ et al (2019)
Tourniguet use does not affect functional outcomes or pain after Total
knee arthroplasty: a prospective, double-blinded, randomized controlled
trial. J Bone Joint Surg Am 101(20):1821-1828

Alexandersson M, Wang EY, Eriksson S (2019) A small difference in recov-
ery between total knee arthroplasty with and without tourniquet use the
first 3 months after surgery: a randomized controlled study. Knee Surg
Sports Traumatol Arthrosc 27(4):1035-1042

Huang ZY, Xie XW, Li LL, Huang Q, Ma J, Shen B et al (2017) Intravenous
and topical tranexamic acid alone are superior to tourniquet use for
primary total knee arthroplasty : a prospective, randomized controlled
trial. J Bone Joint Surg Am 99(24):2053-2061

Liu PL, Li DQ, Zhang YK, Lu QS, Ma L, Bao XZ et al (2017) Effects of unilat-
eral tourniquet used in patients undergoing simultaneous bilateral total
knee arthroplasty. Orthop Surg 9(2):180-185

Tetro AM, Rudan JF (2001) The effects of a pneumatic tourniquet on
blood loss in total knee arthroplasty. Can J Surg 44(1):33-38

Rushton N, Clarke MT, Longstaff L, Edwards D (2001) Tourniquet-induced
wound hypoxia after total knee replacement. J Bone Joint Surg Br.
83(1):40-44

Boettner F, Sculco P, Faschingbauer M, Rueckl K, Windhager R, Kasparek
MF (2020) Clinical outcome of posterior-stabilized total knee arthroplasty
using an increased flexion gap in patients with preoperative stiffness.
Bone Joint J. 102-B(4):426-433

Clement ND, Bell A, Simpson P, Macpherson G, Patton JT, Hamilton DF
(2020) Robotic-assisted unicompartmental knee arthroplasty has a
greater early functional outcome when compared to manual total knee
arthroplasty for isolated medial compartment arthritis. Bone Joint Res
9(1):15-22

Kaptein BL, den Hollander P, Thomassen B, Fiocco M, Nelissen RGHH
(2020) A randomized controlled trial comparing tibial migration of the
ATTUNE cemented cruciate-retaining knee prosthesis with the PFC-
sigma design. Bone Joint J 102-B:9

Eyres KS, Sharpe |, Abdel-Salam A (1999) The tourniquet in total knee
arthroplasty. Bone Joint J. https://doi.org/10.1302/0301-620X.81B5.08109
32

Farhan-Alanie MM, Dhaif F, Trompeter A, Underwood M, Yeung J, Parsons
N et al (2021) The risks associated with tourniquet use in lower limb
trauma surgery: a systematic review and meta-analysis. Eur J Orthop Surg
Traumatol 31(5):967-979

Yi S, Tan J, Chen C, Chen H, Huang W (2014) The use of pneumatic tourni-
quet in total knee arthroplasty: a meta-analysis. Arch Orthop Trauma Surg
134(10):1469-1476


https://readymag.com/PHIDigital/SAP-Annual-Report-2020/index/
https://readymag.com/PHIDigital/SAP-Annual-Report-2020/index/
https://doi.org/10.1302/0301-620X.81B5.0810932
https://doi.org/10.1302/0301-620X.81B5.0810932

Magan et al. Journal of Experimental Orthopaedics

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

(2022) 9:62

Faure BT, Benjamin JB, Lindsey B, Volz RG, Schutte D (1993) Comparison
of the subvastus and paramedian surgical approaches in bilateral knee
arthroplasty. J Arthroplast 8(5):511-516

Roysam GS, Oakley MJ (2001) Subvastus approach for total knee
arthroplasty: a prospective, randomized, and observer-blinded trial. J
Arthroplast 16(4):454-457

Surin'V, Sundholm K, Backman L (1983) Infection after total hip replace-
ment. With special reference to a discharge from the wound. J Bone Joint
Surg Br 65-B(4):412-418

Vince KG, Abdeen A (2006) Wound problems in Total knee arthroplasty.
Clin Orthop 452:88-90

Wakankar HM, Nicholl JE, Koka R, D'Arcy JC (1999) The tourniquet in total
knee arthroplasty. A prospective, randomised study. J Bone Joint Surg Br
81(1):30-33

Jiang F, Zhong H, Hong Y, Zhao G (2015) Use of a tourniquet in total
knee arthroplasty: a systematic review and meta-analysis of randomized
controlled trials. J Orthop Sci 20(1):110-123

Saunders KC, Louis DL, Weingarden SI, Waylonis GW (1979) Effect of
tourniquet time on postoperative quadriceps function. Clin Orthop.
143:194-199

Tai T-W, Chang C-W, Lai K-A, Lin C-J, Yang C-Y (2012) Effects of tourniquet
use on blood loss and soft-tissue damage in total knee arthroplasty. J
Bone Joint Surg Am 94(24):2209-2215

Worland RL, Arredondo J, Angles F, Lopez-Jimenez F, Jessup DE (1997)
Thigh pain following tourniquet application in simultaneous bilateral
total knee replacement arthroplasty. J Arthroplast 12(8):848-852

Li B, WenY,Wu H, Qian Q, Lin X, Zhao H (2009) The effect of tourni-

quet use on hidden blood loss in total knee arthroplasty. Int Orthop
33(5):1263-1268

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Tourniquet use in total knee arthroplasty and the risk of infection: a meta-analysis of randomised controlled trials
	Abstract 
	Purpose: 
	Methods: 
	Results: 
	Conclusion: 
	Level of evidence: 

	Introduction
	Materials and methods
	Eligibility criteria
	Search strategy
	Methodological study assessment and assessment of publication bias
	Outcomes
	Data extraction and collection
	Statistical analysis

	Results
	Studies identified
	Patients
	Infection
	Other outcomes

	Discussion
	Conclusion
	Informed consent
	References


